We present coincidence momentum measurements that contradict the independent electron assumption for elliptically polarized laser pulses. This shows that recollision is not the only reason for electron correlation in strong field double ionization. In strong field double ionization we typically distinguish between sequential double ionization (SDI), where the electrons are assumed to interact independently with the laser field, and non-sequential double ionization (NSDI), where the electrons cannot be treated separately [1] . During the last few years the research focus has been on double ionization by linearly polarized laser pulses with the result that over a wide intensity range the dominating NSDI mechanism is electron impact ionization or excitation at recollision of the first ionized electron with the parent ion, whereas at higher intensities SDI becomes dominant.
OCIS codes: (020.2649) Strong field laser physics; (020.4180) Multiphoton processes In strong field double ionization we typically distinguish between sequential double ionization (SDI), where the electrons are assumed to interact independently with the laser field, and non-sequential double ionization (NSDI), where the electrons cannot be treated separately [1] . During the last few years the research focus has been on double ionization by linearly polarized laser pulses with the result that over a wide intensity range the dominating NSDI mechanism is electron impact ionization or excitation at recollision of the first ionized electron with the parent ion, whereas at higher intensities SDI becomes dominant.
At this point there remains the open question to what extent mechanisms other than post-tunneling recollision occur in strong field ionization. Here we present experimental evidence that SDI is limited in describing double ionization by close to circularly polarized laser pulses. Two different observables are extracted from coincidence momentum measurements revealing an intensity dependence that is qualitatively different from the prediction of the standard SDI model [2] . The first observable is the ratio of electrons that are emitted into parallel and anti-parallel directions. In contrast to the standard SDI model that predicts this ratio to be unity we observe oscillations around one. The second observable is the variance of the ion momentum distribution along the small polarization axis. This quantity is closely related to the first observable and shows the same oscillations. To date quantum calculations have not been fast enough to simulate double ionization by elliptically polarized fields. However, approaches to high-field ionization problems via classical ensembles recently have predicted SDI behavior for elliptically polarized laser pulses [3] . These calculations, that include the full electron-electron correlation from the time the laser pulse turns on, reproduce the observed oscillations qualitatively (simulation not shown here). 
QMF2.pdf
We performed experiments with two different laser pulses: a 33-fs laser pulse at a center wavelength of 788 nm and a 7-fs laser pulse at a center wavelength of 740 nm. A COLTRIMS apparatus measures the momentum of one ion and one electron in coincidence. The major axis of the polarization ellipse was aligned along the y-axis of our reference frame, which is also the direction of the gas jet in the COLTRIMS. The ellipticity was 0.78 for the 7-fs pulse and 0.77 for the 33-fs pulse.
We restrict our discussion to the coordinate along the minor axis of the polarization ellipse. Fig.1 shows the electron correlation spectrum, integrated over the scanned intensity range. The counts in the 1 st and 3 rd quadrant represent parallel electron emission; the counts in the 2 nd and 4 th quadrant represent anti-parallel electron emission. The total number of counts in the individual islands is very robust against measurement artifacts, and even more reliable are changes in the ratio of counts in the islands upon change of laser intensity. This ratio of counts for parallel to anti-parallel electron emission as a function of intensity is given in Fig. 2 (top) for a 7-fs and a 33-fs pulse. We observe oscillations of this ratio, whereas the standard SDI model predicts a ratio of 1:1 for parallel electron emission and anti-parallel electron emission. Fig. 2 . Two different observables as a function of intensity for a 7-fs laser pulse (left) and a 33-fs laser pulse (right). The top shows the ratio of anti-parallel to parallel electron emission. The bottom shows the variance of the ion momentum distribution in x direction (minor polarization axis). The solid line shows the prediction of the independent electron model in both plots.
To confirm our observation and to avoid systematic errors that might arise from biased detection efficiency for the electrons, we present next a method based only on ion detection that also facilitates insight into electron correlation. From momentum conservation follows that the momentum of the doubly charged ion is equal to the negative vector sum of the two electron momenta. Anti-parallel electron emission causes the ion to stay at close to zero momentum, whereas parallel electron emission results in the side peaks of the momentum distribution. Therefore the variance of p x, ion is sensitive to ratio of parallel to anti-parallel electron. Fig. 2 (bottom) shows that this quantity exhibits similar oscillatory behavior compared to the oscillations found in the electron correlation spectra.
In conclusion we have found unexpected deviations from the independent electron assumption in strong field double ionization by close-to-circularly polarized laser pulses. Two different observables of coincidence momentum data exhibit an intensity dependence that is not captured by the standard SDI model, but by classical correlatedelectron simulations. By carefully analyzing the emission direction of the electrons it was found that the ratio of parallel to anti-parallel electron emission deviates from one at certain intensities. This observation could be confirmed by analyzing the variance of the doubly charged Argon ions in the direction of the minor polarization axis.
